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(57) ABSTRACT 

Color of an information-input apparatus not in the color 
gamut of an information-output apparatus is converted to 
color inside a color gamut of the information-output appa- 
ratus and on a half -line which passes through a point which 
corresponds to color of an information-input apparatus tak- 
ing a convergence point as an endpoint. The convergence 
point may any one of a point where saturation takes a value 
of 0, a point of an average value of a color gamut of an 
information-input apparatus, a point of a central value of a 
color gamut of an information-input apparatus, or a point of 
a weighted value of a color gamut of an information-input 
apparatus. 
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COLOR GAMUT COMPRESSION METHOD The color gamut compression method shown in FIG. 3 is 

AND COLOR GAMUT COMPRESSION a color difference minimization method. In a color difference 

DEVICE minimization method, color outside the color gamut of the 

information-output apparatus with respect to a color inside 

This application is the national phase under 35 U.S.C. 5 acolorgamutof an information-input apparatus is converted 

§371 of PCT International Application No. PCT/JP98/01785 to a color with the smallest color difference from the color 

which has an International filing date of Apr. 17, 1998, in the information-input device. Thus color in the 

which designated the United States of America. information-input device on the curved line in the figure is 

HELD OF THE INVENTION ,„ '^^^'"^'^'^ '° same color. 

^ . . 1" Color gamut compression processing can be performed by 

TTie present mvention relates to a color gamut compres- ^bovc method. However it is possible that if 

sion device and method therefor which is applied to color employed in a saturation compression method. The tonal 

mside a color gamut of an information-input apparatus. The ^angc in the high saturation regions will be improved to an 

colorgamutcompressiondevicecompressesthecolorgamut extent, the overall effect will be an image without color 

by convertmg color outside a color gamut due to an is definition. Although there is a hnost no reduction of satura- 

information-output apparatus into color inside a color gamut ^ brightness compression method. The color in high 

due to an mformation-output apparatus. brightness regions is converted to low brightness color and 

BACKGROUND OF THE INVENTION the color in low brightness region is converted to high 

r„f«™„t;«„ n o „^ ^,v„i„„^ brightness color. Thus brightness after conversion increases 

Iniormation apparatus such as displays, pnnters and scan- -.l • - • . • i 

o^i^, «f ^th increases m saturation. Furthermore since color con- 

ners which process color image data have a range of color , . ... i j-rc . . . 

™«„ T,,v,;«i, ,v «i version is executed m a color difference minimization 

which may be input or output which is charactenstic to that j • . . ... , . a- 

■ i- .. i_ L method m order to mmimize color differences, an image 

information apparatus. That is to say, such apparatus have a . • . . luiuimi^, ^^lui au itu 

I „ * A 1 * ■ • r *■ * . which is comparatively close to the image or the 

color gamut. A color gamut m information-output apparatus , \ / • .i i_ • r 

«1 A ' * . • ™i • f mformation-mput apparatus is obtained by the mformation- 

such as displays and prmters may contain a color gamut of rw . , . • 

' f • 4 *, u output apparatus. However the section on the curved hne m 

an information-input apparatus such as a scanner or a r-rA^ • ^ j . i 

J- 1 T u % • Li . 1 r rltj- 3 IS converted to the same color, 
display. In such a case, it is possible to express the color of 

the image fi-om the information-input apparatus without ^^y* ^hen using color conversion in the above 

change in the information-output apparatus. However when method, there is a possibility that an unnatural image will be 

a section of a color gamut in an information-output appa- 33 ^^^put by the information-output apparatus. A conventional 

ratus is not contained in the color gamut of an information- ^^^^^ 5^^* compression method is proposed for example in 

input apparatus, a source color inside a color gamut in the JP-A-9-98298 as shown in FIG. 4. In this color gamut 

information-input apparatus can not be expressed by color compression method, a boundary is formed by a first straight 

outside the color gamut in the information-output apparatus ^ second straight line. The first straight line passes 

without change by the information-output apparatus. Thus 35 through a first fixed point which has a maximum L_th 

color which is outside the color gamut of the information- brightness of a color which has a maximum saturation 

output apparatus is output after conversion to a color inside C_max in a color gamut of an information output device 

a color gamut of the information-output apparatus. That is to ^ P^^^ ^ non-saturated axis and which has a 

say, when a color gamut of an information-output apparatus minimum brightness L_min in an information output 

is not coextensive with a color gamut of an information- ^ *^^vice. The second straight Une is formed by a line passing 

input apparatus, color gamut compression processing is through the first point and a third point on a non-saturated 

required which has a maximum brightness L_max in an 

HG. 1 to no. 4 explain a conventional color gamut formation output device. A color gamut outside the infor- 

compression method such as disclosed for example in JP-A- 0!"P"f ''<=^i°f '^P^^.^}^ S*™"' °^ '^e 

9 98298 information uput device is divided mto low bnghtness 

' me color gamut compression method shown in FIG. 1 is " 6'°°* and high saturation regions 43. Color in the high 

a saturation method. In a saturation method, with respect to ""S^'"^^ '! compressed towards the second 

color inside a color gamut of an information-input PO>nt. Color m the low bnghtness region 42 |s compressed 

apparatus, color which te outside the color gamut of the Awards the third point and color in the high saturation 

.*T . . , . . J . 1 • region 43 is compressed towards the first point, 

in formation -output apparatus is converted to color inside a 50 

color gamut of the information^utput apparatus by convert- ^^^h respect to the color gamut of the information-input 

ing only saturation and without converting the brightness. apparatus, regions outside the color gamut of the 

The color gamut compression method shown in FIG. 2 is ioformalion^utput apparatus are divided into a high bright- 

a brightness compression method. In a brightness compres- '^J^'Z ^''f^^fl region 42 and a high 

sion method, with respect to color inside a color gamut of an 55 f^^^tion region 43. Ihc color of the high bnghtness region 

information-input apparatus, source color which is outside f ^ is cotnpressed towards the second pomt, the color of the 

the color gamut of the information-output apparatus is bnghtness region 42 is compressed towards the third 

converted to a target color inside a color gamut of the P^^"' J*^^ f saturation region 43 is 

information-output apparatus by converting only brightness compressed towards the first point, 

and without converting saturation. When a color with the 60 Apart from the above method, a device for executing 

same saturation as the color in the information-input appa- <^o\ot gamut compression processing is proposed in JP-A- 

ratus is not present in the color gamut of the information- 7-236069 and JP-A-9- 130622 and a device for executing 

output apparatus, that is to say, when the source color of the image processing is proposed in JP-A-7-21356. 

information-input apparatus is positioned in the section of However as the conventional color gamut compression 

the curved line in the figure, the source color of the 65 method is arranged as discussed above it is necessary to 

information -input apparatus is converted to the same fixed determine, with respect to color inside a color gamut of the 

color of the information-output apparatus. information-input apparatus whether color outside the color 
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gamut of the informatioa-output apparatus is positioned in iniersection points exist between a contour of a color gamut 

any of the high brightness region 41, the low brightness of an information-output apparatus and a half line which 

region 42 or the high saturation region 43 and whether to passes through a point which corresponds to a color of an 

convert such color into color in a compression direction information-input apparatus using a poinl of convergence as 

which depends on the region. Therefore the problem has 5 an endpoint. In this case, with respect to the plurality of 

arisen that such a calculation for such a conversion is intersection points, color of the information -inpul apparatus 

complicated. Furthemiore the problem has arisen that view- ^^ich is not in the color gamut of the information-output 

pomt of the image ^ter conversion is altered m response to 3 3^^^ convened to color in which the value of the 

the position of the first point discussed above. coordinate r in the polar coordinate system corresponds to 

-nie present invention IS proposed to solve the above ^ intersection point. In this way, it is po^ible to 

problems and has the object of providmg a color gamut ^^^^^^ conversion with Uttle variation in the degree of 

compression device and color gamut compression method saturation 
which executes the color gamut compression processing by 

converting source color of an information-input apparatus to ^^^^ gamut compression method of the present 

a target color inside a color gamut of the information-output invention, a source color of an information-input apparatus 

apparatus while maintaining the continuity of the color. The which is not in the color gamut of an information-output 

conversion is performed by a simple calcidation which does apparatus is converted to a target color according to three 

not entail a determination of the region in which the color of criteria. The first criterion is that a target color must reside 

the information-input apparatus is positioned. Such regions within a predetermined angular range of the angle (0, ^) of 

originate in the division of regions outside the color gamut a source color in a polar coordinate system of a color space, 

of the information-output apparatus. Color in the 20 The second criterion is that the target color should be one of 

information-input apparatus which is not in the color gamut a plurality of colors on a contour of a color gamut produced 

of the information-output apparatus is converted to color by the information-output apparatus in any tone. The third 

inside a color gamut of the information-output apparatus in criterion is that the target color should be detained by 

the direction of a point of convergence. The point of dividing by kH, kV and kC, respectively, the H axis 

convergence is determined to one of a point at which 25 component, the V axis component and the C axis component 

saturation takes the value of 0, a point of an average value of a color which minimizes color difference AE given by the 

of the color gamut of the information-input apparatus, a equation (1) below, where kH, kV and kC indicate prede- 

point of the central value of the color gamut of the tcrmined coefiBcients corresponding to the H axis, the V axis 

information-input apparatus, and a point of the weighted and the C axis of a HVC color space, and AH, AV and AC 

value of the color gamut of the information-input apparatus. 30 indicate an amount of displacement due to conversion of a 

SUMMARY OF THE INVENTION component in the H axis, the V axis and the C axis. 

In the color gamut compression method of the present A£=vCW^>cA//^+JtvscAV^+iCxAC^ (i) 
invention, color in the information-input apparatus which is 

not in the color gamut of the infonmation-output apparatus is 35 1° this way, it is possible to convert color after conversion 

converted to color inside a color gamut of the information- ^ color having characteristics based on the coefiBcients kH, 
output apparatus in the direction of a point of convergence. 

The point of convergence is determined to one of a point at 1° ^^e color gamut compression method according to 

which saturation takes the value of 0, a point at an average claim 5, the coeflBcienls kH, kV, kC are set on the basis of 

value of the color gamut ofthe information-input apparatus, 40 Formula (2) when normalized with the maximum values 

a point at a central value of the color gamut of the NH» NV. NC of the H, V, C axes of the color gamut of the 

information-input apparatus, and a point at a weighted value information-output apparatus, 

ofthe color gamut ofthe information-input apparatus. The , „ 
point of convergence is taken as an end point and color is 

converted to a color of a color gamut in that of the 45 In this way, it is possible to convert color after conversion 

information-output apparatus is positioned on a half line to color with a high subjective value based on the coeffi- 

which passes through a point which corresponds to the color cients kH, kV, kC. 

ofthe information-input apparatus. In this way, it is possible in the color gamut compression method of the present 

to convert color of an information-input apparatus to color invention, an intersection point is defined by the intersection 

inside a color gamut of an information-output apparatus with 50 of a half line, with an endpoint at a convergence point, 

a simple calculation while maintaining the continuity of the passing through a point which corresponds to color of an 

color. Thus color gamut compression which produces a information-input apparatus with a contour of a color gamut 

balanced image with respect to both tone and saturation may of an information-output apparatus in any tone. With respect 

be performed. to a number of fixed points on a ctu%'ed surface which is 

In the color gamut compression method of the present 55 formed by a contour of a color gamut in an information- 
invention, color in the infonnation- input apparatus which is output apparatus in each tone, the points of intersection are 
not in the color gamut ofthe information-output apparatus is calculated by interpolation based on at least three points 
converted to color which corresponds to an intersection from the smallest-value of the difference of the angle (6, 1^) 
point of a half line with a contour. The half line passes with the point corresponding to the color of the information- 
through a point corresponding to color of the information- 60 input apparatus in a polar coordinate system (r, 6, (!>). In this 
input apparatus using a point of convergence as an end point way, intersection points of a half line passing through a point 
and the contour is of the color gamut of the information- which corresponds to color of an information-input appara- 
input apparatus in any tone. In this way, it is possible to tus and has a point of convergence as an endpoint with a 
execute color gamut compression processing which is bal- contour of a color gamut of an information-output apparatus 
a need with respect to both tone and brightness. 65 in any tone can be more accurately calculated. 

In the color gamut compression method of the present In the color gamut compression method of the present 

invention, it is sometimes the case that a plurality of invention, when a tone of a color of an information-input 
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apparatus is a tone comprising any of a plurality of tones of and to convert an information- input apparatus to a color 

a fixed number of standard colors, the tone is taken to be the inside a color gamut of an informal ion -output apparatus 

corresponding tone from the plurality of tones and its while maintaining continuity, 

brightness is taken to be equal to the brightness of the color In the color gamut compression method of the present 

with the highest saturation in a color gamut of an 5 invention, a color of an information-input apparatus which 

information-output apparatus for that tone. Furthermore a is not in the color gamut of an information-output apparatus 

point where saturation lakes a value of 0 is taken to be a is converted to a color conesponding to the intersection 

convergence point. When the tone of the color in the point of a half line which corresponds to a color or an 

information-input apparatus is an intermediate tone with information-input apparatus and has an endpoint at a point 

respect to the tones of a fixed number of standard colors the lo of convergence and a contour of a color gamut of an 

point which is interpolated from the convergence point information-output apparatus in any tone. In this way, it is 

which corresponds to a tone of a fixed number of standard possible to perform balanced color gamut compression 

colors based on tones of colors of an information -input processing with respect to tone and brightness, 

apparatus is taken to be the point of convergence. In this In the color gamut compression method of the present 

way, for example, the quality of the brightness of a standard 15 invention, a source color of an information-input apparatus 

color, distributed for example in low brightness, of a color which is not in the color gamut of an information-output 

from the blue group is reflected on the color after conver- apparatus is converted to a target color according to three 

sion. Furthermore it is possible to execute color gamut criteria. The first criterion is that a target color must reside 

compression processing with higher continuity in the direc- within a predetermined angular range of the angle (0, of 

lion of tone. 20 a source color in a polar coordinate system (r, 6, ^) of a color 

In the color gamut compression method of the present space. The second criterion is that the target color should be 

invention, a vector which corresponds to a color in the one of a plurality of colors on a contour of a color gamut 

information-input apparatus is defined as P and a vector produced by the information-output apparatus in any tone, 

which corresponds to a convergence point is defined as Po. The third criterion is that the target color should be obtained 

A vector which corresponds to the intersection point of the 25 by dividing by kH, kV and kC, respectively, the H axis 

half line which passes through a point which corresponds to component, the V axis component and the C axis component 

the vector P taking vector P as an endpoint and a curved of a color which minimizes color difiference AE given by the 

surface which is formed on a contour of a color gamut in an equation (4) below, where kH, kV and kC indicate prede- 

information-output apparatus in each tone is taken as Ps. The termined coefficients corresponding to the H axis, the V axis 

vector which corresponds to the intersection point of the half 30 and the C axis of a HVC color space, and AH, AV and AC 

line and the curved surface which is formed on the contour indicate an amount of displacement due to conversion of a 

of the color gamut of an information-input apparatus in each color component in the H axis, the V axis and the C axis, 
tone is taken lo be Pt. When the above conditions exist, the 
color of a information-input apparatus which corresponds to 

the vector P is converted to a color which corresponds to the 35 In this way, it is possible to convert a color after conver- 

vector Pc by Formula (3) when k has a value which is a fixed sion to a color having characteristics based on the coeffi- 

constant greater than 0. cients kH, kV and kC. 

In the color gamut compression method of the present 

Pc~Po+{P-Po)x\Ps-Po\/\Pt-Po\xk invention, when a lone of a color of an information -input 

(when kx\p~Po\%\Ps^Po\) apparatus is any one of a number of tones of a fixed number 

of standard colors, the tone is taken to be the corresponding 

Pc^P^ tone from the plurality of tones and its brightness is taken to 

(when h<\P-Po\>\Ps-Po\) (3) ^^^^1 brightness of the color with the highest 

saturation in a color gamut of an information-output appa- 

In this way, conversion proximate to the contouir with 45 ratus for that tone. Furthermore a point where saturation 

respect to colors in the proximity of the contour in the color takes a value of 0 is taken as an endpoint. When the tone of 

gamut of the information-output apparatus can be smoothly the color in the information-input apparatus is an interme- 

continued. The image after conversion thus becomes more diate tone with respect to the tones of a fixed number of 

natural. standard colors, the point which is interpolated from the 

In the color gamut compression method of the present 50 convergence point which corresponds to a tone of a fixed 

invention, a source color of information-input apparatus number of standard colors based on tones of colors of an 

which is not in the color gamut of an information-output information-input apparatus is taken to be the point of 

apparatus is converted to a target color inside a color gamut convergence. In this way, for example, the quality of the 

of an information -output apparatus and which is on a half brightnessof a standard color, distributed for example in low 

line which passes a point corresponding to a color of an 55 brightness, of a color from the blue group is reflected on the 

information-input apparatus. A convergence point is defined color after conversion. Furthermore it is possible lo execute 

from one of a point at which saturation lakes the value of 0, color gamut compression processing with higher continuity 

a point of an average value of the color gamut of a fixed tone in the direction of tone. 

in the information-input apparatus, a point of the central In the color gamut compression method of the present 

value of the color gamut of a fixed tone of the information- 60 invention, a vector which corresponds lo a color in the 

input apparatus, and a point of the weighted value of the information-input apparatus is defined as P and a vector 

color gamut of a fixed tone of the information-input appa- which corresponds lo a convergence point is defined as Po. 

ratus. In this way, a simple calculation may be performed A vector which corresponds to the intersection point of the 

without impairing the continuity of the color of the half line which passes through a point which corresponds to 

information-inpul apparatus. 65 the vector P taking vector Po as an endpoint and a curved 

Thus it is possible to execute balanced color gamut surface which is formed on a contour of a color gamut in an 

compression processing with respect to lone and saturation information-output apparatus in each tone is taken as Ps. The 
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vector which corresponds to the interseaion point of the half as a display or scanner for example. With respect to the color 
hne and the curved surface which is formed on the contour in the image data, the color gamut compression device 1 
of the color gamut of an information-input apparatus in each converts color outside the color gamut of the information- 
tone is taken to be Pt. When the above conditions hold, the output apparatus such as a printer or display for example, 
color of an information-input apparatus which corresponds 5 Then the color gamut compression device 1 outputs image 
to the vector P is converted to a color which corresponds to ^ata after conversion to a control device, 
the vector Pc by Formula (5) when k has a value which is a 1° color gamut compression device 1. reference num- 



fixed constant greater than 0. 



ber 11 denotes a corrdinate conversion section which con- 
verts the color mentioned above in a fixed coordinate system 
Pc''Po*iF-Po)x\Ps'Po\/\Pt-Po\xk iQ i° the color image dasta supplied from the cotnrol device 23 

into the color mentioned above with the polar coordinate 
(when h<\p-Po\^\Ps-Po\) system (r, 8, <(»). 12 is a compresion execution determination 

section which determines whether or not to execute color 
^^"^ gamut compression processing of color image data based on 

(when h<\P-Po\>\Ps'Po\) (5) whether or not color in the color image data supplied from 

the coordinate conversion section 11 is positioned in the 
[n this way, conversion proximate to the contour with color gamut of the information-output apparatus 22. When 
respect to colors in the proximity of the contour in the color ^^^^^ 8^°^^^ compression processing is performed on color 
gamut of the information-output apparatus can be smoothly «°agf ^^ta. color image data is output to the most proxmiate 
continued. The image after conversion thus becomes more coordinate calculation section 13. When color gamut com- 

20 pression processing is not performed on color image data, 
color image data is output to the inverse coordinate calcu- 

BRIEF DESCRIPTION OF THE DRAWINGS Nation section 15. 

13 is a most proximate coordinate calculation section 

FIG. 1 explains a conventional color gamut compression which calculates coordinates (r, 8, <()) on a polar coordinate 

method (saturation compression method.) 25 system of an intersection point. Based on color information 

FIG. 2 explains a conventional color gamut compression in color image data supplied from the compression execu- 

method (brightness compression method.) tion determination section 12, a point where saturation takes 

FIG. 3 explains a conventional color gamut compression the value of 0 is taken to be a point of convergence. Using 

method (color difference compression method.) the point of convergence as an endpoint, the coordinates (r, 

cn*- A « ^^1^^ ™««,„t 30 0, <t>) of the intersection point are calculated of a half line 

FIG. 4 explains a conventional color gamut compression . , . t . . 

method which passes through a point correspondmg to a color in the 

' . , , , J. . . . . ^ r 1 image data and a contour of a color gamut in an information- 

FIG. 5 IS a block diagram showing the stnicture of a color ^^^^ ^ ^^^^ ^ compression section 

gamut compression device accordmg to a first embodmient (compression means) which converts color in color image 
of the present invenUon. 35 ^^^^ ^^^^j. corresponding to coordinates calculated by the 

FIG. 6 explains coordinate conversion to polar coordi- proximate coordinate calculation section 13. 

Dates. 15 is an inverse coordinate conversion section which 

FIG. 7 explains conversion of color to image data. inversely converts color in an polar coordinate system of 

no. 8 shows an example of a set position of a point of color image data suppUed from the compression execution 
convergence. ^0 determination section 12 and color in a polar coordinate 

no. 9 explains the conversion of color by a color gamut system after conversion by the compression section 14 to 

compression device according, to a second embodiment of f ""g"*"' coordmate system. Color miage data is 

the present invention. °"'P"' mversely convertmg the color to the control 

* device 23 

FIG. 10 shows an example of a sample point on a curved ^"^^^^j ^^^.^ particularly containing the 

faceformedbyacontourofacolorgamutofanmformation- ^^^^^ ^^^^^ compression device, transfer of image data 

output apparams, between the information-input apparatus and the 

FIG. 11 explains the process by which brightness of a information-output apparatus, 

point of convergence which corresponds to an intermediate y^e operation of the invention will be discussed below, 
tone is set by interpolation in a fourth embodiment of the 50 plG. 6 explains the coordinate conversion of polar coor- 

present invention. dinates, FIG. 7 explains the conversion of color by the color 

FIG. 12 shows an example of conversion of color by a gamut compression device according to a first embodiment 

color gamut compression device according to a fifth embodi- of the invention. 

ment of the present invention. The coordinate conversion section 11 in the color gamut 

n r> TT r*D 'run nccDonn compression section 1 is Supplied with color image data by 

DESCRIPTION OF TT^^ control device 23. Color in a fixed coordinate system in 

bMBOUlMbN la image data as explained above is converted to color in an 

In order to explain the invention in greater detail, the polar coordinate system (r, 8, (()) and image data after 

preferred embodiments of the invention will be discussed coordinate conversion is output to the compression execu- 
below with reference to the accompanying figures. 60 tion determination section 12. 

Embodiment 1 When a color space common to the information -input 

RG. 5 is a block diagram showing the structure of a color apparatus and the information-output apparatus is in the 

gamut compression device according to a first embodiment form for example L*a*b*, as shown in FIG. 6, color 

of the present invention. In the figure, reference numeral 1 expressed by (L*, a*, b*) in the orthogonal coordinate 
denotes a color gamut compression device. The color gamut 65 system of the color space L'a*b' is converted to color 

compression device 1 is supplied with color image data expressed by (r, 8, <^) in the polar coordinate system by 

input or output from an information-input apparatus 21 such Formula (6). 
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The compression execution determinatioD section 12 is 
supplied with color image data by the coordinate conversion 
section U. The compression execution determination sec- 
lion 12 determines whether or not color in such image data 
is positioned in the color gamut of the information-output 
apparatus 22 in tones of color in the image data. When it is 
determined that color in such image data is positioned in the 
color gamut of the information-output apparatus 22, it is 
determined that color gamut compression processing will 
not be performed on the image data and the image data is 
output to the inverse coordinate conversion section 15. 

When it is determined that color in such image data is not 
positioned in the color gamut of the information-output 
apparatus 22, the compression execution determination sec- 
tion 12 determines that color gamut compression processing 
will be performed on the color data and the image data is 
output to the most proximate coordinate calculation section 
13. 

When a color space common to the information-input 
apparatus 21 and the information-output apparatus 22 is in 
the form for example L*a*b*, for example, firstly the 
compression execution determination section 12 operates 
based on coordinate conversion formula (7) on the horizon- 
tal plane of brightness (L*) — saturation (C) from the polar 
coordinate system (r, G, 

C^rxco& ^^V{a'^+b*^ (7) 

With respect to the color gamut data in the information- 
output apparatus 22 in which each tone H is prerecorded, the 
compression execution determination section 12 determines 
whether or not color in the supplied image data is in the color 
gamut of the information-output apparatus 22 in that tone 
based on color gamut data corresponding to a tone H (=0) of 
a color in the supplied image data. 

As explained above, after executing coordinate conver- 
sion to the on the horizontal plane brightness — saturation 
from the polar coordinate system, it is determined whether 
or not color in the supplied image data is in the color gamut 
of the information-output apparatus 22. However in the 
polar coordinate system, the invention may be adapted to 
directly determine whether or not the color in the supplied 
image data is in the color gamut of the information-output 
apparatus 22. 

The color gamut of the input and information-output 
apparatus 21, 22 that is to say, the range of color which can 
be input or output, is pre-measured using spectrophotomet- 
ric colorimetry or the like. Data for the color gamut which 
is expressed between the common color spaces of the input 
and information-output apparatus 21, 22 is prestored in the 
color gamut compression device. 

When image data is supplied from the compression 
execution determination section 12, the most proximate 
coordinate calculation section 13 calculates the intersection 
point (r, 6, (^) of the half line which passes through the color 
in the image data with a point of convergence as an endpoint 
and the contour of the color gamut 31 of the information- 
output apparatus 22 in any tone as shown in FIG. 7, The 
calculation is based on color gamut data for the information- 
output apparatus 22 in a color in the image data and a tone 
H of a color in the image data. The coordinates are output to 
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the compression section 14 based on image data. When there 
are a plurality of points of intersection of the half line and 
the contour of the color gamut in the information-output 
apparatus 22. The most proximate coordinate calculation 

5 section 13 selects the intersection point in which the coor- 
dinate value r of the polar coordinate system is greatest from 
the points of intersection and outputs the coordinates of that 
point to the compression section 14 based on the image data. 
The compression section 14 converts color of the image 

10 data to color which corresponds to coordinates which are 
supplied by the most proximate coordinate calculation sec- 
tion 13 and outputs the image data after conversion of the 
color to the inverse coordinate conversion section 15. The 
inverse coordinate conversion section 15 inverse converts 

15 the color in the polar coordinate system of the color image 
data supplied by the compression execution determination 
section 12 or the compression section 14 to a color in the 
original coordinate system. The color image data after 
inverse conversion is output to the control device 23. 

20 As shown above, according to the first embodiment, since 
all colors of the information-input apparatus which are not 
in a color gamut of an information-output apparatus 22 are 
transferred towards a single point of convergence, color 
continuity is not impaired and it is possible to convert a color 

25 of an information-input apparatus 21 to a color inside a color 
gamut of an information-output apparatus 22. The calcula- 
tion is simplified as it is not necessary to determine the 
region in which the color of the information-input apparatus 
21 which originates in a division of regions outside the color 

30 gamut of the information-output apparatus 22 is positioned. 
Thus it is possible to convert color in the information-input 
apparatus 21 to color inside a color gamut of the 
information-output apparatus 22. 
The point of convergence as shown in FIG. 7 is set to have 

35 a center of brightness. However as shown in FIG. 8, the 
point of convergence may be set from central brightness to 
higher or lower brightness. Furthermore in the first 
embodiment, a fixed point which has a saturation with a 
value of 0 acts as the point of convergence. Howeve r apart 

40 from this, a point with an average value of the color gamut 
of the infor gaatio n^mput app^atus,21,.a.point with a central 
value^_ofjhe_colorj,am^ apparatus 
21 or a p oint with a we ighted value of the color gamut of the 
informatio^n^Tappai^tus^'^ma^be also set as the point 

45 of convergence^ 

Herein an average value of the color gamut is a coordinate 
value which is obtained by respectively dividing the sums of 
each component of colors at sampling points by the number 
of sampling points where a fixed number of sampling points 

50 exist in an expressible color space of an information-input 
apparatus 21 in a fixed color space. A central value of a color 
gamut is a median value of an expressible color space of an 
information-input apparatus 21 with respect to each axial 
component of the color space. A weighted value of the color 

55 gamut is the coordinate value obtained by dividing a 
weighted sum of each component of a color at a sampling 
point by the number of sampling points where a fixed 
number of sampling points exist in an expressible color 
space of an information-input apparatus 21 in a fixed color 

60 space. 

Embodiment 2 

The color gamut compression device of the second 
embodiment of the present invention is the same of the first 
embodiment as regards components other than the most 

65 proximate coordinate calculation section 13. Thus only the 
operation of the most proximate coordinate calculation 
section 13 will be explained. FIG. 9 explains the conversion 
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of color of the color gamut conversion device in a second 
enabodiment of the present invention. 

According to a second embodiment as shown in FIG. 9, 
when the common color space of the information input and 
output apparatus 21, 22 is an HVC space, the most proxi- 5 
mate coordinate calculation section 13 of the color gamut 
compression device selects a plurality of colors on a color 
gamut contour of an information output device 22 in any 
tone and in an angle range of ±(k/jt) (for example k is a 
constant taking any value of 1 to 10 inclusive) of respec- lO 
lively the 6 and ^ axes from an angle (6, ^) of a color in 
image data supplied from the compression execution deter- 
mination section 12. The angle (6, <()) is in the polar 
coordinates (r, 0, ^) of a color space. With respect to selected 
colors, kH, kV and kC are taken to be fixed coordinates of is 
the H, V and C axes and AH, AV, AC are taken to be the 
amount of displacement due to conversion of the H, V and 
C axial components. Thus a color which has a minimum 
color difference value AE from Formula (8) below is 
selected. The color of the image data is converted to a color 20 
in which the H, V and C axial components of the color are 
divided by respective coeflBcients kH, kV and kC. 



(8) 



The cocflScients kH, kV and kC may be set based on the 
relationship of Formula 9 when normalized by the maximum 
values NH.NV,NC of the H axis, the V axis and the C axis 
in the color gamut of the information-output apparatus 22. 



(kH/NH)>{l OxkVfm/)>{10xkC/NC) 



(9) 



The relationship expressed in Formula 9 is based on 
experiments via subjective evaluation. That is to say, a 
plurality of sample colors of equivalent tone, a plurality of 
sample colors of equivalent brightness, a plurality of sample 
colors of equivalent saturation are prepared. Original colors 
with a color difference of 0 with respect to the sample colors 
are prepared. Next using a method of pair comparison or a 
gradation category method, a subjective distance between 
the original colors and each sample color is measured based 
on the subjective impression of a viewer in the experiment. 
Thus Formula 9 leads through a relationship in which the 
image after conversion results in a natural image. 

As shown above, according to the second embodiment, 
color of an information- input apparatus 21 which is not in 
the color gamut of an information-output apparatus 22 is 
converted to color in which a weighted color difference 
based on the coefficients kH, kV, kC which correspond to 
each axial component of the HVC color space is a minimum. 
Thus it is possible to convert color after conversion to color 
with a high subjective value for example based on the 
coefficients kH, kV, kC. 
Embodiment 3 

The color gamut compression device according to a third 
embodiment of the present invention is the same as the first 
embodiment above with the exception of the most proximate 
coordinate calculation section 13. Thus only the operation of 
the most proximate coordinate calculation section 13 will be 
explained. FIG. 10 explains an example of a sample point on 
a curved surface which is formed on a contour of a color 
gamut in a second embodiment of the present invention. 

The most proximate coordinate calculation section 13 in 
a color gamut compression device according to a third 
embodiment selects at least three points from a direction in 
which the angular difference (6, ^) with a point which 
corresponds to a color in the information-input apparatus 21 
is a minimum in the polar coordinate system (r, 0, ^) of the 



color space. The three points are selected from a fixed 
number of sample points on a curved surface formed on a 
contour of a color gamut in an information-output apparatus 
22 in each tone. The intersection points of a half line and a 
contour is calculated. The half line passes through a point 
which corresponds to a color of an information-input appa- 
ratus 21 and has a point of convergence as an endpoint. The 
contour is of a color gamut of an information-output appa- 
ratus 22 in any tone. These points are calciJated by inter- 
polation based on an angle (0, ^) of a color in an 
information-input apparatus 21. 

For example, when an angle (0, <j>) of a point PO which 
corresponds to a color in supplied image data is in a range 
of an angle (0, ^) which corresponds to a region of a triangle 
which is formed by three sample points PI, P2, P3 as shown 
in FIG. 10, the most proximate coordinate calculation sec- 
tion 13 calculates coordinates (r, 0, ^) of a point of inter- 
section of a half line which passes through a point of a color 
in image data with the endpoint being a point of convergence 
and a contour of a color gamut in an information-output 
apparatus 22 in any tone. The coordinates are calculated 
from the coordinates of sample points based on Formula 10. 



25 



(10) 



However Si is taken to be the area of a triangle formed 
from the vector P and two points of the apex points of the 

30 triangle PI, P2, P3 omitting Pi, Pi is a vector which 
corresponds to the point Pi. Q is the vector which corre- 
sponds to the intersection point. 

A shape formed from the sample points in such a way is 
not limited to a triangle and may be another polygon. 

35 As shown above, according to a third embodiment, it is 
possible to more accurately calculate coordinates (r, 0, of 
an intersection point of a half line, which passes through a 
point of a color in image data when an endpoint is a point 
of convergence, and a contour of a color gamut of an 

40 information-output apparatus 22 in any tone. 
Embodiment 4 

Although a point of convergence was fixed in the first 
embodiment, the fourth embodiment is adapted to convert 
the brightness of a point of convergence in response to a tone 

45 of a color in image data of an information-input apparatus 
21. FIG. 11 explains the process of setting the brightness of 
a point of convergence which corresponds to an intermediate 
tone based on interpolation in embodiment 4. 
For example, tones of each of the standard colors red, 

50 green, blue, cyanogen, magenta and yellow have a tone 
which is a tone of a color in image data, have a brightness 
which is the same as the brightness of the color with the 
highest saturation in the color gamut of the information- 
output apparatus 22 for that tone and are set to a point of 

55 convergence which corresponds to a tone with a saturation 
of 0, In addition, when the tone of a color in image data is 
an intermediate tone with respect to tones of the standard 
colors above, a point interpolated from the point of conver- 
gence corresponding to the tone of the standard color is set 

60 to a point of convergence corresponding to the intermediate 
color based on that tone. Thus as shown in FIG. 1, a 
convergence point is first set corresponding to the color with 
the highest saturation in a color gamut in each tone of the 
standard color. In addition, the brightness of points of 

65 convergence which correspond to an intermediate tone of 
tones for standard colors is set to a value which is interpo- 
lated along a line 52 which depends on the value of the tone. 
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As shown above, according to a fourth embodiment of the In embodiments 1 to 5 above, L*a*b* color spaces and 

present invention, the brightness of a point of convergence HVC color spaces were taken as examples of a color space 

which corresponds to a tone of a standard color is made used in an input and information-output apparatus 21, 22. 

equal to the brightness of the point with the highest satura- However the color space is not limited to L*a*b* color 

tion in a color gamut in that tone. Also points of convergence 5 spaces and HVC color spaces and color spaces such as RGB 

which corresponds to respective tones are set to points color spaces, L*u»v* color spaces. XYS color spaces or 

which are interpolated from points of convergence which LCH color spaces may be used, 

correspond to the lone of standard colors depending on the Industrial Application 

tone of a color in image data from an information-input As shown above, a color gamut compression device and 
apparatus21.Forexample, with respect to colors in the blue lo method therefor according to the present invention is 
range, the quality of brightness of standard colors which are adapted to perform color gamut compression processing by 
distributed in low brightness is reflected in the color after converting a source color from an information-input appa- 
conversion. Furthennore it is possible to perform color ratus to a target color inside a color gamut of an information- 
gamut processing with higher reliability with respect to the output apparatus while maintaining color continuity vWth a 
tonal direction. is simple calculation. The conversion docs not entail the dcter- 
Embodimenl 5 minalion of the region in which a color in the information- 
In a color gamut compression device according to a fifth input apparatus is placed which originates the division of the 
embodiment of the present invention, color inside a color region outside the color gamut of the information-output 
gamut of an information-output apparatus 22 may be trans- apparatus, 
ferred in the direction of a point of convergence as well as 20 ^hal is claimed is: 

colors in the color gamut of an information-output apparatus 1- A color gamut compression method comprising: 
22. FIG. 12 shows an example of conversion of a color converting color inside a color gamut of an information- 
inside a color gamut compression device according to a fifth input apparatus, said first color of the information-input 
embodiment of the present invention. apparatus outside a color gamut of an information - 
That is to say, in embodiment 5, the output of a coordinate 25 output apparatus, to color inside the color gamut of the 
conversion section 11 is supplied direcUy to a most proxi- information-output apparatus, 

mate coordinate calculation section 13. The most proximate wherein one of a point having a saturation value of 0, a 

coordinate calculation section 13 calculates a first intensec- point having an average value of the color gamut in said 

tion point of a half line which passes through a point which information-input apparatus, a point having a central 

corresponds to a vector P taking a point which corresponds 30 value of the color gamut in the information-input 

to a vector Po to be an endpoint, with a curved surface which apparatus, and a point having a weighted value in said 

is formed by a contour of a color gamut in an information- information-input apparatus is taken to be a point of 

input apparatus 22 in each tone. The most proximate coor- convergence, said point of convergence is taken to be 

dinate calculation section 13 calculates a second intersection an endpoint of a line, and wherein color in the 

point of the half Une with a curved surface which is formed 35 information-input apparatus which is not in the color 

by the contour of a color gamut in an information-input gamut in the information-output apparatus is converted 

apparatus 21 in each tone. The vector which corresponds to to color on said line which passes through a point which 

a color coordinate converted by the coordinate conversion corresponds to a color in said information-input appa- 

section 11 supplied to the information-input device 21 is ratus and which is in the color gamut in the 

taken to be P. The vector corresponding to the point of 40 information-output apparatus. 

convergence is taken to be Po. 2. A color gamut compression method according to claim 

Then the compression section 13 converts color in an 1, wherein color in said information-input apparatus which 

information-input apparatus 21 which corresponds to a is not in the color gamut in the information-output apparatus 

vector P to color which corresponds to a vector Pc in is converted to color which corresponds to an intersection 

Formula (11) when k is a fixed constant with a value greater AS point of a line which passes through a point with a contour 

than 0. A vector which corresponds to a first point of of the color gamut in the information -output apparatus in 

intersection is taken to be Ps and a vector which corresponds any tone, said point corresponding to a color in said 

to a second point of intersection is taken to be Pt. information-input apparatus and being an endpoint acting as 

, , , , a point of convergence. 

Fc'FcH{F-Fo^x\Ps-FoV]Ft-Fo\xk ^ ^ ^^^^ ^^^^^ compression method according to claim 

(when k>i\P-Po\^\Fs'Po\) 2, wherein color in said information-input apparatus which 

is not in the color gamut in the information -output apparatus 
is converted to color which corresponds to an intersection 
point, said intersection point being one of a plurality of 
Based on Formula (11), when the color in image data 55 intersection points, in which a coordinate value r takes a 
supplied from the information-input apparatus 21 is maximum value in an polar coordinate system, when the 
converted, the color is continuously converted along the half plurality of intersection points exist, said intersection points 
line as shown in FIG. 12, being defined by the intersection of a line with a contour of 

As shov^ above, according to the fifth embodiment, color the color gamut in said information-output apparatus said 
inside a color gamut of an information-output apparatus 22 60 line having a point of convergence acting as an endpoint and 
may be transferred in the direction of a point of convergence passing through a point corresponding to a color in said 
as well as color in an information-input apparatus 21 which information-input apparatus. 

is not in the color gamut of an information-output apparatus 4. A color gamut compression method according to claim 
22. Thus the effect is obtained that color near the contour of 1, wherein color in said information-input apparatus which 
a color gamut in an information-output apparatus 22 may be 65 is not in the color gamut in the information-output apparatus 
smoothly converted and the image after conversion is more is converted according to three criteria, wherein a first 
natural. criterion is that a target color must reside within a prede- 



(when kx \P'PO\>\Ps~P€^) (1 1) 
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A£:->/(ifcWxAW2+*VxAV^+ACxAC2). 



5. A color gamut compressioQ method according to claim 
4, wherein kH, kV and kC are set based on the relationship 
of Formula (2) when the maximum values NK, NV, NC of 
said H axis, the V axis and the C axis of the color gamut in 
the information-output apparatus are normalized 



ikH/Nlf)>{10xkV/NV)>(lQnkCfNC). 



6. A color gamut compression method according lo claim 
1, wherein an intersection point of a line with a contour in 
the information-output apparatus in any tone is calculated by 
interpolation based on at least three points from a smallest 
value of a difference of an angle (<^, A) with the point 
corresponding to the color of the information-input appara- 
tus in a polar coordinate system (r, <j>, A) of a color space for 
a number of fixed points on a curved surface which is 
formed by a contour of a color gamut in the information- 
output apparatus in each tone, said line passing through a 
point corresponding to a color in an information-input 
apparatus and having the point of convergence as the end- 
point 

7. A color gamut compression method according to claim 
1, wherein 

when a tone of a color of an in formation -input apparatus 
is a tone comprising any of a plurality of tones of a 
fixed number of standard colors, said tone is taken to be 
a corresponding tone from said plurality of tones and a 
brighmess of said tone is taken to be equal to a 
brightness of a color with the highest saturation in the 
color gamut of the information-output apparatus for 
that tone, a convergence point is taken to be a point 
where saturation takes a value of 0, and further wherein 
when a tone of a color in said information-input appa- 
ratus is an intermediate tone with respect to tones of a 
fixed number of standard colors, a point which is 
interpolated from a convergence point which corre- 
sponds to a tone of a fixed number of standard colors 
based on tones of colors of an information-input appa- 
ratus is taken to be the point of convergence. 

8. A color gamut compression method according to claim 
1, wherein 

a vector which corresponds to a color in the information- 
input apparatus is defined as P, a vector which corre- 
sponds to a convergence point is defined as Po, a vector 
which corresponds to the intersection point of the line 
which passes through a point which corresponds to the 
vector P taking vector P as an endpoint and a curved 
surface which is formed on a contour of the color gamut 
in the information-output apparatus in each tone is 
taken as Ps, a vector which corresponds to the inter- 
section point of the line and the curved surface which 
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termined angular range of an angle (6, ^) of a source color 
in a polar coordinate system of a color space, a second 
criterion is that the target color should be one of a plurality 
of colors on a contour of the color gamut produced by the 
information-output apparatus in any tone, and a third crite- 
rion is that the target color should be obtained by dividing 
by kH, k V and kc, respectively, a H axis component, a V axis 
component and a C axis component of a color which 
minimizes color difference AE given by Formula (1) below, 
wherein kH, kV and kC indicate predetermined coeflBcients 
corresponding to the H axis, the V axis and the C axis of a 
HVC color space, and AH, AV and AC indicate an amount 
of displacement due to conversion of a color component in 
the H axis, the V axis and the C axis 



(3) 



15 



(2) 



20 



25 



35 



40 



45 



55 



60 



is formed on the contour of the color gamut of the 
information-input apparatxis in each tone is taken to be 
Pt, when the above conditions exist, a color of the 
information-input apparatus which corresponds to the 
vector P is converted to a color which corresponds to 
vector Pc by Formula (3) when k has a value which is 
a fixed constant greater than 0 

Pc^o+(P-Po)x\Pj-Po\/\Pt'Po\xk 
(when hc\P-Po\ %\Ps-Po\} 
PcPs 

(when kx\P'Pdi>\Ps~Po\). (3) 

9. A color gamut compression method according to claim 
1, wherein 

a conversion means is provided which converts color in 
the information-input apparatus which is not in the 
color gamut of the information-output apparatus to 
color inside the color gamut of the information-output 
apparatus and which is on a line passing through a point 
corresponding to a color of the information-input appa- 
ratus taking a point of convergence as an endpoint, said 
point of convergence is determined to one of a point at 
which saturation takes the value of 0, a point at an 
average value of the color gamut of the information- 
input apparatus, a point at a central value of the color 
gamut of the information-input apparatus, and a point 
at a weighted value of the color gamut of the 
information-input apparatus. 

10. A color gamut compression method according lo 
claim 9, wherein 

said conversion means converts color of the information- 
input apparatus which is not in the color gamut of the 
information-output apparams to color which corre- 
sponds to an intersection point of a line and a contour 
of a color gamut in the information-output apparatus in 
any tone, said line passing through a point which 
corresponds to a color of an information-input appara- 
tus taking the point of convergence as the endpoint. 

11. A color gamut compression method according to claim 
9, wherein 

a source color of an information-input apparatus which is 
not in the color gamut of an information -output appa- 
ratus is converted to a target color according to three 
criteria, the first criterion being thai a target color must 
reside within a predetermined angular range of the 
angle (6, 4>) of a source color in a polar coordinate 
system (r, 6, <t)) of a color space, the second criterion 
being that the target color should be one of a plurality 
of colors on a contour of the color gamut produced by 
the information-output apparatus in any tone, the third 
criterion being that the target color should be obtained 
by dividing by kH, kV and kC, respectively, the H axis 
component, the V axis component and the C axis 
component of a color which minimizes color difference 
AE given by the Formula (4) below, where kH, kV and 
kC indicate predetermined coefiScients corresponding 
to the H axis, the V axis and the C axis of a HVC color 
space, and AH, AV and AC indicate an amount of 
displacement due to conversion of a color component 
in the H axis, the V axis and the C axis 



65 



A£-\^(JWxA//VjtVkAV^+JtCKAC^. 



(4) 



12. A color gamut compression method according to 
claim 9, wherein 
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wben a tone of a color of the iaformaiion-inpul apparatus 
comprises any of a plurality of tones of a fixed number 
of standard colors, said tone is taken to be a corre- 
sponding tone from said plurality of tones and a bright- 
ness of said tone is taken to be equal to a brightness of 
a color with the highest saturation in a color gamut of 
an information-output apparatus for that tone, a con- 
vergence point is taken to be a point where saturation 
takes a value of 0, and further wherein when said tone 
is an intermediate tone with respect to the tones of a 
fixed number of standard colors, a point which is 
interpolated from a convergence point which corre- 
sponds to a tone of a fixed number of standard colors 
based on tones of colors of information-input apparatus 
is taken to be the point of convergence. 

13. A color gamut compression method according to 
claim 9, wherein 

a vector which corresponds to a color in the information- 
input apparatus is defined as P, a vector which corre- 
sponds to a convergence point is defined as Po, a vector 
which corresponds to the intersection point of the line 
which passes through a point which corresponds to the 
vector P taking vector Po as an cndpoint and a curved 
surface which is formed on a contour of the color gamut 
in the information-output apparatus in each tone is 
taken as Ps, a vector which conresponds to the inter- 
section point of the line and the curved surface which 
is formed on the contour of the color gamut of an 
in form at ion -input apparatus in each tone is taken to be 
Pt, when the above conditions hold, the color of the 
in formation -input apparatus which corresponds to the 
vector P is converted to a color which conesponds to 
the vector PC by Formula (5) below when k has a value 
which is a fixed constant greater than 0 

Pc-Pi>*{P-Po)x\Ps-Po\/\pt-Po\xk 

(when Ax \P-Po\ ^ \Ps-Po\) 

PcPs 

(when hi\P-Po\>\Ps-Po[). (5) 

14. A color gamut compression apparatus comprising: 
means for converting color inside a color gamut of an 

input apparatus to color inside a color gamut of an 
output apparatus, wherein the color of the input appa- 
ratus is outside the color gamut of the output apparatus, 
by determining a point of convergence, wherein said 
point of convergence is at least one of a point having a 
saturation value of 0, a point having an average value 
of the color gamut in said input apparatus, a point 
having a central value of the color gamut in the input 
apparatus, and a point having a weighted value in said 
input apparatus, and 
wherein said point of convergence is an endpoint of a line, 
which passes through a point which corresponds to the 
color in said input apparatus and which is in the color 
gamut of the output apparatus and wherein the color in 
the input apparatus is converted to a color on said line 
which is in the color gamut of the output apparatus. 

15. A color gamut compression apparatus according to 
claim 14, wherein color in said information-input apparatus 
which is not in the color gamut in the information-output 
apparatus is converted to color which corresponds to an 
intersection point of a line which passes through a point with 
a contour of the color gamut in the information-output 
apparatus in any tone, said point corresponding to a color in 
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said information-input apparatus and being an endpoint 
acting as a point of convergence. 

16. A color gamut compression apparatus according to 
claim 15, wherein color in said information -input apparams 

5 which is not in the color gamut in the information-output 
apparatus is converted to color which corresponds to an 
intersection point, said intersection point being one of a 
plurality of intersection points, in which a coordinate value 
r takes a maximum value in an polar coordinate system, 

10 when the plurality of intersection points exist, said intersec- 
tion points being defined by the intersection of a line with a 
contour of the color gamut in said information-output appa- 
ratus said line having a point of convergence acting as an 
endpoint and passing through a point corresponding to a 

15 color in said information-input apparatus, 

17. A color gamut compression apparatus according to 
claim 14, wherein color in said information-input apparatus 
which is not in the color gamut in the information-output 
apparatus is converted according to three criteria, wherein a 

20 first criterion is that a target color must reside within a 
predetermined angular range of an angle (9, (()) of a source 
color in a polar coordinate system of a color space, a second 
criterion is that the target color should be one of a plurality 
of colors on a contour of the color gamut produced by the 

25 information-output apparatus in any tone, and a third crite- 
rion is that the target color should be obtained by dividing 
by kH, kV and kc, respectively, a H axis component, a V axis 
component and a C axis component of a color which 
minimizes color difference AE given by Formula (1) below, 

30 wherein kH, kV and kC indicate predetermined coefficients 
corresponding to the H axis, the V axis and the C axis of a 
HVC color space, and AH, AV and AC indicate an amount 
of displacement due to conversion of a color component in 
the H axis, the V axis and the C axis 

35 

18. A color gamut compression apparatus according to 
claim 17, wherein kH, kV and kC are set based on the 
relationship of Formula (2) when the maximum values NH, 
NV, NC of said H axis, the V axis and the C axis of the color 
gamut in the information-output apparatus arc normalized 

{kH}NH)>(WxkV/NV)>(lQxkC/NC). (2) 

45 19. A color gamut compression apparatus according to 
claim 14, wherein an intersection point of a line with a 
contour in the inform at ion -output apparatus in any tone is 
calculated by interpolation based on at least three points 
from a smallest value of a difference of an angle ((|), A) with 

50 the point corresponding to the color of the information-input 
apparatus in a polar coordinate system (r, ()), A) of a color 
space for a number of fixed points on a curved surface which 
is formed by a contour of a color gamut in the information- 
output apparatus in each tone, said line passing through a 

55 point corresponding to a color in an information-input 
apparatus and having the point of convergence as the cnd- 
point. 

20. A color gamut compression apparatus according to 
claim 14, wherein 

60 when a tone of a color of an information -input apparatus 
is a tone comprising any of a plurality of tones of a 
fixed number of standard colors, said tone is taken to be 
a corresponding tone from said plurality of tones and a 
brightness of said tone is taken to be equal to a 

65 brightness of a color with the highest saturation in the 
color gamut of the information-output apparatus for 
that tone, a convergence point is taken to be a point 
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where saturation takes a value of 0, and further wherein 
when a tone of a color in said information-input appa- 
ratus is an intermediate tone with respect to tones of a 
fixed number of standard colors, a point which is 
interpolated from a convergence point which corre- 
sponds to a tone of a fixed number of standard colors 
based on tones of colors of an information-input appa- 
ratus is taken to be the point of convergence. 

21. A color gamut compression apparatus according to 
claim 14, wherein 

a vector which corresponds to a color in the information- 
input apparatus is defined as P, a vector which corre- 
sponds to a convergence point is defined as Po, a vector 
which corresponds to the intersection point of the line 
which passes through a point which corresponds to the 
vector P taking vector P as an endpoint and a curved 
surface which is formed on a contour of the color gamut 
in the information-output apparatus in each tone is 
taken as Ps, a vector which corresponds to the inter- 
section point of the line and the curved surface which 
is formed on the contour of the color gamut of the 
information-input apparatus in each tone is taken to be 
Pt, when the above conditions exist, a color of the 
information-input apparatus which corresponds to the 
vector P is converted to a color which corresponds to 
vector Pc by Formula (3) when k has a value which is 
a fixed constant greater than 0 

i'c-/'a+(P-Po)x|Ps-Po|/lPt-Po|xk 

{when kx\P-Po\^\Ps-Po\) 



PC'PS 



(when kx\P-Po\>\Ps-Po\). 



(3) 



22. A color gamut compression apparatus according to 
claim 14, wherein 

a conversion means is provided which converts color in 
the information-input apparatus which is not in the 
color gamut of the information-output apparatus to 
color inside the color gamut of the information-output 
apparatus and which is on a line passing through a point 
corresponding to a color of the information-input appa- 
ratus taking a point of convergence as an endpoint, said 
point of convergence is determined to one of a point at 
which saturation takes the value of 0, a point at an 
average value of the color gamut of the information- 
input apparatus, a point at a central value of the color 
gamut of the information-input apparatus, and a point 
at a weighted value of the color gamut of the 
information-input apparatus. 

23. A color gamut compression apparatus according to 
claim 22, wherein 

said conversion means converts color of the information- 
input apparatus which is not in the color gamut of the 
information-output apparatus to color which corre- 
sponds to an intersection point of a line and a contour 
of a color gamut in the information-output apparatus in 
any tone, said line passing through a point which 
corresponds to a color of an information-input appara- 
tus taking the point of convergence as the endpoint. 

24. A color gamut compression apparatus according to 
claim 22, wherein 

a source color of an information-input apparatus which is 
not in the color gamut of an information-output appa- 
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ratus is converted to a target color according to three 
criteria, the first criterion being that a target color must 
reside within a predetermined angular range of the 
angle (9, (j>) of a source color in a polar coordinate 
system (r, 9, ^) of a color space, the second criterion 
being that the target color should be one of a plurality 
of colors on a contour of the color gamut produced by 
the information-output apparatus in any tone, the third 
CTiterion being that the target color should be obtained 
by dividing by kH, kV and kC, respectively, the H axis 
component, the V axis component and the C axis 
component of a color which minimizes color difference 
AE given by the Formula (4) below, where kH, kV and 
kC indicate predetermined coeflficients corresponding 
to the H axis, the V axis and the C axis of a H VC color 
space, and AH, AV and AC indicate an amount of 
displacement due to conversion of a color component 
in the H axis, the V axis and the C axis 
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25, A color gamut compression apparatus according to 
claim 22, wherein 

when a tone of a color of the information -input apparatus 
comprises any of a plurality of tones of a fixed number 
of standard colors, said tone is taken to be a corre- 
sponding tone from said plurality of tones and a bright- 
ness of said tone is taken to be equal to a brightness of 
a color with the highest saturation in a color gamut of 
an information-output apparatus for that tone, a con- 
vergence point is taken to be a point where saturation 
takes a value of 0, and further wherein when said tone 
is an intermediate tone with respect to the tones of a 
fixed number of standard colors, a point which is 
interpolated from a convergence point which corre- 
sponds to a tone of a fixed number of standard colors 
based on tones of colors of information-input apparatus 
is taken to be the point of convergence. 

26. A color gamut compression apparatus according to 
claim 22, wherein a vector which corresponds to a color in 
the information-input apparatus is defined as P, a vector 
which corresponds to a convergence point is defined as Po, 
a vector which corresponds to the intersection point of the 
line which passes through a point which corresponds to the 
vector P taking vector Po as an endpoint and a curved 
surface which is formed on a contour of the color gamut in 
the information-output apparatus in each tone is taken as Ps, 
a vector which corresponds to the intersection point of the 
line and the curved surface which is formed on the contour 
of the color gamut of an information-input apparatus in each 
tone is taken to be Pt, when the above conditions hold, the 
color of the information-input apparatus which corresponds 
to the vector P is converted to a color which corresponds to 
the vector PC by Formula (5) below when k has a value 
which is a fixed constant greater than 0 

Pc'Po^{P-Po)x\Pj-Po\Pt-Po\xk 
(when /Cx\P-PcJi^\Ps'Po\) 



PcPs 



(when kx\P-Po\>\Ps-Po\), 



(5) 
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